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SYSTEMS AND METHODS FOR REDUCING 
A TRADE-OFF BETWEEN IMAGE QUALITY 

AND MARKING SPEED 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
This invention relates to systems and methods for improv 

ing marking device speed and/or resolution. 
2. Description of Related Art 
A common design problem in the ?eld of printing devices 

is hoW to increase printing speed Without sacri?cing image 
resolution or contrast. Typically, to increase the speed of a 
printing device, the image resolution of the printing device is 
loWered. This alloWs the print head to travel more quickly 
across each scan line because it does not have to eject ink or 
toner at as many locations along that scan line. Another con 
ventional method for increasing the speed of a printing device 
is to decrease the number of times a print head must pass over 
the same scan line. For instance, When a conventional printing 
device is utiliZing What is popularly called the draft mode, the 
print head only makes a single pass per scan line, increasing 
the output speed, but decreasing the image contrast due to the 
loWer amount of ink on the page. 

Conventional printing systems utiliZing four-color printing 
(cyan, magenta, yelloW, and black) have approached the out 
put speed design problem of increasing black and White print 
ing speed by utilizing “four-color black” printing. In four 
color black printing, an amount of cyan, magenta, and yelloW 
are ?rst ejected by the print head and then covered With black. 
By printing cyan, magenta, and yelloW under black, conven 
tional four-color printing systems are able to increase the 
density of ink ejected in a single scan line pass of the print 
head. Because the ink is ejected in layers, image defects that 
result from merely ejecting a large amount of a single color at 
once do not occur. In this manner, conventional four-color 
black printing utiliZes the increase in output speed that results 
from single scan line pass printing Without sacri?cing image 
contrast. 

SUMMARY OF THE INVENTION 

HoWever, folloWing the above-described development of 
four-color black printing, the only remaining method to fur 
ther increase the speed of black and White printing Was to 
reduce output image resolution. Unfortunately, the resolution 
can only be loWered so far Without the resulting printed image 
being unsuitable as a ?nal product. 

Therefore, various exemplary embodiments of this inven 
tion provide systems and methods for reducing the conven 
tional trade-offbetWeen output speed and output image reso 
lution in a marking system. 

Various exemplary embodiments of this invention provide 
systems and methods that utiliZe higher resolution data to 
adjust the amount of ink, toner or other marking material that 
Will be printed at the edges of solids. 

Various exemplary embodiments of the systems and meth 
ods for increasing the image quality of a marked image and/or 
increasing marking speed according to this invention input 
higher resolution data than that Which Will be output in order 
to approximate the higher resolution edges of output solids 
While maintaining the printing speed of loWer resolution out 
put. A “solid” is a marked area of substantially uniform color 
or shade. Accordingly, When the edge of a solid exists on a 
high-resolution center, i.e., the edge of the solid is betWeen 
pixels according to the higher resolution input data, but is 
Within an output area according to the output spacing, an 
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2 
amount of marking material is deposited on an adjacent out 
put area according to the output spacing, such that When the 
marking material is transferred and/or fused to a receiving 
medium it is spread partially into the output area containing 
the high-resolution edge. The spread marking material causes 
the transition from the marked area to the non-marked area to 
shift, thereby approximating the edge of the solid according 
to the higher resolution input data. 

These and other features and advantages of this invention 
are described in, or are apparent from, the folloWing detailed 
description of various exemplary embodiments of the sys 
tems and methods according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various exemplary embodiments of systems and methods 
according to this invention Will be described in detail, With 
reference to the folloWing ?gures, Wherein: 

FIGS. 1 and 2 shoW situations in Which input high-resolu 
tion data indicates that there is a single high-resolution line; 

FIGS. 3 and 4 shoW situations in Which input high-resolu 
tion data indicates that there is a single line at a resolution 
corresponding to the output spacing; 

FIGS. 5 and 6 shoW tWo situations in Which input high 
resolution data indicates that there is an edge of a solid 
directly betWeen the output spacing; 

FIGS. 7 and 8 shoW tWo situations in Which input high 
resolution data indicates that there is an edge of a solid 
directly betWeen tWo high-resolution pixels Within the output 
spacing; 

FIG. 9 shoWs a situation in Which input high-resolution 
data indicates that there is an interior pixel to be output; 

FIG. 10 shoWs a situation in Which determine that no mark 
ing material is to be output for the current output area; and 

FIG. 11 shoWs an exemplary embodiment of a marking 
system according to this invention; 

FIG. 12 shoWs an example of an image printed using a 
conventional method; and 

FIG. 13 shoWs an example of an image printed according to 
an exemplary embodiment of this invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Various exemplary embodiments of the systems and meth 
ods according to this invention input higher resolution data, 
e.g., data having a smaller output spacing than the output 
spacing of the data that Will be output. By outputting data With 
a larger output spacing, a signi?cant increase in output speed 
is possible. Various exemplary embodiments of the systems 
and methods according to this invention utiliZe the high 
resolution input data to adjust the amount of marking material 
output to imitate higher resolution output. In this manner, the 
output speed may be increased While reducing conventional 
loss of output quality. Because the effects of poor resolution 
are most apparent along the edges of solids, the various exem 
plary embodiments of the systems and methods according to 
this invention utiliZe the input high-resolution data to imitate 
high-resolution output along the edges of solids. 

FIGS. 1-10 shoW a number of situations in Which one 
exemplary embodiment of a method according to this inven 
tion adjusts the amount of output marking material based on 
the input hi gh-resolution data to imitate high-resolution out 
put at a larger output spacing. For ease of explanation, in the 
exemplary embodiment shoWn in FIGS. 1-10, the output is 
black and White, i.e., it is to be reproduced by depositing black 
and color marking material on a White substrate. Therefore, 
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any pixel Within the image data Will be assigned a value of 
either black or White. Nevertheless, the marking material to 
produce black Will include color marking material as Well. 
Therefore, the amount of marking material used at transitions 
can be adjusted by varying the amount of color marking 
material and/or varying the amount of black marking mate 
rial. The amount of color ink printed in the interior of a solid 
black region is chosen to insure a uniform dark area. At the 
edges of solids, the amount is chosen to insure the distance 
that the transition betWeen the solid and background Will 
move as a result of the marking process. Thus, the amount of 
colored marking material might be chosen so that the total 
amount of marking material is substantially consistent for 
edges Which continue over many scan lines or across at least 
tWo adjacent output areas. 

In various exemplary embodiments, the amount of mark 
ing material is measured as drops ejected from a print head. 
For example, for some edge transitions the amount of mark 
ing material could be chosen so that the ?nal rendered output 
contains one black and one color drop Where that color drop 
is any one of the primary colors (or a total of 2 drops). 
Alternatively, a simple fraction (e. g. an average of 1% or 1% 
drops perpixel) may be used. Rendering to drops may be done 
by methods Well knoWn in art such as halftoning or error 
diffusion and preferably a method that considers all colors 
together such as vector halftoning or vector error diffusion. It 
should further be appreciated that various exemplary embodi 
ments may also utiliZe gray or color outputs. 

For ease of explanation, this exemplary embodiment uti 
liZes input high-resolution data that has decreased output 
spacing, in a direction parallel to a marking device’ s scan line 
(for example, the output data is 300 dpi><300 dpi and the input 
high-resolution data is 600 dpi><300 dpi). HoWever, it should 
be appreciated that in other exemplary embodiments high 
resolution data that has decreased output spacing in either or 
both directions may be used. 

In all ofFIGS. 1-10, the pixels 110, 120, 210, 220, 310, and 
320 represent the high-resolution input data. For ease of 
explanation, the high-resolution pixels 110, 120, 210, 220, 
310, and 320 are grouped according to the loWer resolution 
output spacing. As discussed above, various exemplary 
embodiments of the systems and methods according to this 
invention increase output speed by increasing the output 
spacing. Therefore, according to this embodiment, marking 
material is only output for each group of high-resolution 
pixels. Group 100 represents the previous output spacing, 
group 200 represents the current output spacing, and group 
300 represents the next output spacing. In this context “cur 
rent” refers to the group for Which an output value is currently 
being created, “previous” refers to a group adjacent to one 
side of the current group, and “next” refers to the group 
adjacent to an opposite side of the current group. Further 
more, in FIGS. 1-10, a black high-resolution pixel indicates 
that, according to the input data, that high-resolution pixel 
should be black and a White high-resolution pixel indicates 
that, according to the input data, that high-resolution pixel 
should be White. The crosshatched pixels are high-resolution 
pixels that are not considered by this embodiment of the 
method according to this invention, because they are not 
relevant to the analysis. 

It should be appreciated that other embodiments may con 
sider one or more input high-resolution pixels before the 
previous output spacing and after the next output spacing 
therefore enabling identi?cation of additional cases such as 3 
and 4 high-resolution pixel Wide lines and transition adjust 
ments that are more than one output spacing Wide. In addition, 
the consideration of input high-resolution pixels in previous 
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4 
or subsequent scan lines could enable identi?cation of cor 
ners and steps in an edge, Which could then be handled as 
different cases requiring differing amounts of marking mate 
rial. 

FIGS. 1 and 2 shoW situations in Which the input high 
resolution data indicates that there is a single high-resolution 
line. As discussed above, because the exemplary embodi 
ments of the systems and methods according to this invention 
output marking material at a larger spacing in order to 
increase output speed, the various exemplary embodiments of 
the systems and methods according to this invention do not 
output a single high-resolution line according to sloWer con 
ventional methods. 
As such, When the input hi gh-resolution data indicates that 

pixel 210 is White, pixel 220 is black, and pixel 310 is White, 
as shoWn in FIG. 1, this embodiment determines that a high 
resolution line exists on pixel 220. Because marking material 
Will be output at a spacing that does not alloW pixel 220 to be 
individually printed according to conventional methods, this 
embodiment reduces the amount of marking material output 
at the spacing directly over group 200 so that the marked area, 
although shifted slightly to the left, Will be thinner and lighter, 
thereby approximating a line printed at a higher resolution 
according to conventional methods. 

Similarly, as shoWn in FIG. 2, When the input high-resolu 
tion data indicates that pixel 110 is White, pixel 120 is White, 
pixel 210 is black, and pixel 220 is White, this embodiment 
determines that a high-resolution line exists on pixel 210. 
Again, because marking material Will be output at a spacing 
that does not alloW pixel 210 to be individually printed 
according to conventional methods, this embodiment reduces 
the amount of marking material output at the spacing directly 
over group 200 so that the marked area, although shifted 
slightly to the right, Will be thinner and lighter, thereby 
approximating a line printed at a higher resolution according 
to conventional methods. 

FIGS. 3 and 4 shoW situations in Which the input high 
resolution data indicates that there is a single line at a reso 
lution corresponding to the output spacing of this embodi 
ment. When the input hi gh-resolution data indicates that pixel 
120 is White, pixels 210 and 220 are black, and pixel 310 is 
White, as shoWn in FIG. 3, this embodiment determines that a 
single line at a resolution corresponding to the output spacing 
of this embodiment exists at the spacing directly over group 
200. As such, because the thickness and location of the line 
corresponds to the output parameters of this embodiment, this 
embodiment outputs an amount of marking material neces 
sary or desirable to de?ne a line at the spacing directly over 
group 200. According to various exemplary embodiments of 
the method according to this invention, the amount of mark 
ing material used to de?ne a line may be an amount either 
greater than or less than that used for the interior of a solid in 
order to darken the line and enhance the contrast betWeen the 
line and the background or to lighten the line and preserve ?ne 
detail, respectively. Whether greater or lesser amounts of ink 
are used Will depend on various factors, such as, for example, 
the output resolution, the marking physics of the ink, the 
media (e.g., paper, bond, transparencies, envelopes, and the 
like), and the printing process. 
When the input high-resolution data indicates that pixel 

210 is White, pixels 220 and 310 are black, and pixel 320 is 
White, as shoWn in FIG. 4, this embodiment determines that a 
single line at a resolution corresponding to the output spacing 
of this embodiment exists betWeen the spacing directly over 
group 200 and the spacing directly over group 300. Because 
marking material Will be output at a spacing that does not 
alloW pixel 220 and 310 to be individually printed according 
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to conventional methods, this embodiment outputs an amount 
of marking material at the spacing directly over group 200 
necessary to de?ne a line. As such, a line at a resolution 
corresponding to the output spacing may be output, although 
shifted slightly to the left, thereby approximating a line output 
at the same resolution over pixels 220 and 310 according to 
conventional methods. As in the example of FIG. 3, the 
amount of marking material used to de?ne a line may be an 
amount either greater than or less than that used for the 
interior of a solid in order to darken the line and enhance the 
contrast betWeen the line and the background or to lighten the 
line and preserve ?ne detail, respectively. Again, Whether 
greater or lesser amounts of ink are used Will depend on 
various factors, such as, for example, the output resolution, 
the marking physics of the ink, the media, and the printing 
process. 

FIGS. 5 and 6 shoW situations in Which the input high 
resolution data indicates that there is an edge of a solid on a 
border directly betWeen the output spacing of this embodi 
ment. When the input high-resolution data indicates that pixel 
120 is White, and pixels 210, 220, 310, and 320 are black, as 
shoWn in FIG. 5, this embodiment determines that an edge 
exists betWeen pixels 120 and 210, e.g., betWeen the output 
spacing directly over group 100 and the output spacing 
directly over group 200. As such, an amount of marking 
material necessary or desirable to de?ne the edge may be 
output at the output spacing directly over group 200 at a 
resolution corresponding to the output spacing. According to 
various exemplary embodiments of the method according to 
this invention, the amount of marking material used to de?ne 
an edge may be an amount greater than that used for the 
interior of a solid in order to darken the edge and enhance the 
contrast betWeen the edge of the solid and the background or 
an amount less than that used for the interior in order to 
preserve ?ne detail. Whether greater or lesser amounts of ink 
are used Will depend on various factors, such as, for example, 
the output resolution, the marking physics of the ink, the 
media, and the printing process. 

Similarly, When the input high-resolution data indicates 
that pixels 110, 120, 210, and 220 are black and pixel 310 is 
White, as shoWn in FIG. 6, this embodiment determines that 
an edge exists betWeen pixels 220 and 310, e.g., directly 
betWeen the output spacing directly over group 200 and the 
output spacing directly over group 300.As such, an amount of 
marking material necessary or desirable to de?ne the edge 
may be output at the output spacing directly over group 200 at 
a resolution corresponding to the output spacing. Again, 
according to various exemplary embodiments of the method 
according to this invention, an amount of marking material 
used to de?ne an edge may be an amount greater than that 
used for the interior of a solid in order to darken the edge and 
enhance the contrast betWeen the edge of the solid and the 
background or an amount less than that used for the interior in 
order to preserve ?ne detail. Again, Whether greater or lesser 
amounts of ink are used Will depend on various factors, such 
as, for example, the output resolution, the marking physics of 
the ink, the media, and the printing process. 

FIGS. 7 and 8 shoW situations in Which the input high 
resolution data indicates that there is an edge of a solid border 
betWeen tWo high-resolution pixels Within the output spacing 
of this embodiment. When the input high-resolution data 
indicates that pixel 210 is White, and pixels 220, 310, and 320 
are black, as shoWn in FIG. 7, this embodiment determines 
that an edge exists betWeen pixels 210 and 220, e.g., Within 
the output spacing directly over group 200. Because marking 
material Will not be output at a spacing that alloWs only pixel 
220 to be individually printed according to conventional 
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6 
methods, this embodiment outputs an amount of marking 
material greater than Would be output according to conven 
tional methods at the spacing directly over group 300 such 
that When the marking material is transferred and/ or fused to 
a receiving medium it is spread partially into the area of group 
200 represented by high-resolution pixel 220. The spread 
marking material causes the transition from the marked area 
to the non-marked area to shift, thereby approximating the 
edge of the solid according to the higher resolution input data. 
It should be appreciated that, although the amount of marking 
material output Will be greater than Would be output accord 
ing to conventional methods, the amount may vary depending 
on various factors, such as, for example, the output resolution, 
the marking physics of the ink, the media, and the printing 
process. 

Similarly, When the input high-resolution data indicates 
that pixels 210,220, and 310 are black and pixel 320 is White, 
as shoWn in FIG. 8, this embodiment determines that an edge 
exists betWeen pixels 310 and 320, e.g., Within the output 
spacing directly over group 300. Because marking material 
Will be output at a spacing that does not alloW only pixel 310 
to be individually printed according to conventional methods, 
this embodiment may output an amount of marking material 
greater than Would be output according to conventional meth 
ods at the spacing directly over group 200 such that When the 
marking material is transferred and/or fused to a receiving 
medium it is spread partially into the area of group 300 
represented by high-resolution pixel 31 0. The spread marking 
material causes the transition from the marked area to the 
non-marked area to shift, thereby approximating the edge of 
the solid according to the higher resolution input data. Again, 
although the amount of marking material output Will be 
greater than Would be output according to conventional meth 
ods, the amount may vary depending on various factors, such 
as, for example, the output resolution, the marking physics of 
the ink, the media, and the printing process. 

FIG. 9 shoWs a situation in Which the input high-resolution 
data indicates that there is an interior pixel to be output. When 
the input high-resolution data indicates that all of pixels 110, 
120,210, 220,310,are 320 are black, as shoWn in FIG. 9, this 
embodiment determines that the output spacing directly over 
group 200 is Within a solid. As such, this embodiment outputs 
an amount of marking material required for the interior of a 
solid at the spacing directly over group 200. The amount of 
marking material used for the interior of a solid is preferably 
an amount suf?cient to create a solid uniform dark output and 
may be more or less than the amount needed to provide the 
appropriate spreading of marking material at edges. 

Finally, FIG. 10 shoWs a situation in Which this embodi 
ment determines that no marking material is to be output for 
the current output area. When the input high-resolution data 
indicates that pixels 210 and 220 are White, as shoWn in FIG. 
10, this embodiment determines that the output spacing 
directly over group 200 is Within a White area. As such, no 
marking material is output at the spacing directly over group 
200. 

It should be appreciated that When the current output area 
(i.e., the output spacing directly over group 200) is at the 
beginning or end of a scan line, one or more of the input 
high-resolution pixels that Would have been considered, e. g., 
the “previous” or “next” group, may not exist. When this is the 
case, the non-existing pixel is assumed to be White. 

FIG. 11 shoWs an exemplary embodiment of a marking 
system 1200 according to this invention. As shoWn in FIG. 11, 
the system 1200 includes an input/ output interface 1210, a 
controller 1220, a memory 1230, an output adjusting circuit, 
routine, or application 1240, each appropriately intercon 
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nected by one or more data/ control buses and/or application 
programming interfaces 1250, or the like. The input/output 
interface 1210 is connected to one or more data sources 1300 

over a link 1301. 

In general, the data source 1300 can be a locally or 
remotely located laptop or personal computer, a personal 
digital assistant, a tablet computer, a device that receives and 
stores and/or transmits electronic image data, such as for 
example, a client or a server of a Wired or Wireless netWork, an 

intranet, an extranet, a local area netWork, a Wide area net 
Work, a storage area netWork, the Internet (especially the 
World Wide Web), or the like. The data source 1300 can be 
any knoWn or later-developed data source that is capable of 
providing image data to the input/output interface 1210 of the 
system 1200 according to this exemplary embodiment. 
The data sink 1310 can be can be a locally or remotely 

located laptop or personal computer, a personal digital assis 
tant, a tablet computer, a device that receives and stores and/ or 
prints electronic image data, such as for example, a client or 
a server of a Wired or Wireless netWork, an intranet, an extra 
net, a local area netWork, a Wide area netWork, a storage area 
netWork, the Internet, and especially a local printer, a netWork 
printer, or a print head. In general, the data sink 1310 can be 
any device that is capable of receiving and transmitting, stor 
ing, or printing the adjusted image data that is provided by the 
link 1302. 

Each of the various links 1301 and 1302 can be imple 
mented using any knoWn or later-developed device or system 
for connecting the data source 1300 and the data sink 310 to 
the input/output interface 1210. In particular, the links 1301 
and 1302 can each be implemented as one or more of a direct 

cable connection, a connection over a Wide area network, a 
local area netWork, a connection over an intranet, a connec 

tion over an extranet, a connection over the Internet, a con 
nection over any other distributed processing netWork or sys 
tem, or an infrared, radio-frequency, or other Wireless 
connection. 
As shoWn in FIG. 11, the memory 1230 contains a number 

of different memory portions, including an input data portion 
1231 and an output data portion 1232. The input data portion 
1231 of the memory 1230 stores the input high-resolution 
image data. The output data portion 1232 of the memory 1230 
stores the output data. The memory 1230 can also store any 
programs and/or data necessary for implementing the func 
tions of the marking device 1200. 

The memory 1230 shoWn in FIG. 11 can be implemented 
using any appropriate combination of alterable, volatile or 
non-volatile memory or non-alterable, or ?xed, memory. The 
alterable memory, Whether volatile or non-volatile, can be 
implemented using any one or more of static or dynamic 
RAM, a ?oppy disk and disk drive, a Writeable or re-Writeable 
optical disk and disk drive, a hard drive, ?ash memory or the 
like. Similarly, the non-alterable or ?xed memory can be 
implemented using any one or more of ROM, PROM, 
EPROM, EEPROM, an optical ROM disk, such as CD-ROM 
or DVD-ROM disk, and disk drive or the like. 

The output adjusting circuit, routine, or application 1240 
accesses the input high-resolution image data, evaluates the 
high-resolution data and creates the output data. 

In operation, the system 1200 receives high-resolution 
image data from one or more data sources 1300 across the link 
1301 via the input/output interface 1210. Under control of the 
controller 1220, the high-resolution image data is stored in 
the input data portion 1231 of the memory 1230. Then, under 
control of the controller 1220, the high-resolution data is 
input to the output adjusting circuit, routine, or application 
1240. 
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Alternatively, under control of the controller 1220, the 

high-resolution image data may be input directly from the 
input/output interface 1210 into the output adjusting circuit, 
routine, or application 1240. 

It should be appreciated that the image data may come 
directly in the form of a raster image. Alternatively, it may 
come in a page description language (PDL) format and later 
processed to create a high-resolution raster image. Further 
more, the above described exemplary embodiments may be 
implemented on the Whole raster image or only on certain 
types of objects such as text or graphics as identi?ed by the 
PDL or other algorithms knoWn in the art for identifying 
objects from a raster image. 
The output adjusting circuit, routine, or application 1240 

evaluates the high-resolution data and, depending on the 
results of the evaluation, creates adjusted output data With a 
greater output spacing than the high-resolution data. For 
instance, if for a certain group of high-resolution pixels that 
constitute an output area according to the output spacing of 
the output data, according to the loW-resolution data, the 
output adjusting circuit, routine, or application 1240 deter 
mines that the ?rst high-resolution pixel Within the output 
area is White, the next high-resolution pixel Within the output 
area is black, and the ?rst high-resolution pixel in the next 
output area is White, (e.g., as shoWn in FIG. 1), then the output 
adjusting circuit, routine, or application 1240 creates output 
data Wherein the amount of marking material output at Will 
result in output that is thinner and lighter, thereby approxi 
mating a line printed at a higher resolution according to 
conventional methods. 

Similarly, the output adjusting circuit, routine, or applica 
tion 1240 may create output data Wherein the amount of 
marking material output for the output area is thinner and 
lighter When, as shoWn in FIG. 2, the ?rst high-resolution 
pixel and the next high-resolution pixel of the previous output 
area according to the output spacing are White, the ?rst high 
resolution pixel of the output area is black, and the next 
high-resolution pixel of the output area is White. 

Furthermore, the output adjusting circuit, routine, or appli 
cation 1240 may create output data to de?ne a line at a 
location corresponding to the output spacing and a resolution 
corresponding to the output spacing, When it determines that, 
as shoWn in FIG. 3, a second high-resolution pixel Within a 
previous output area is White, both high-resolution pixels 
Within a current output area are black, and a ?rst high-reso 
lution pixel Within a next output area is White. 

Similarly, the output adjusting circuit, routine, or applica 
tion 1240 may create output data to de?ne a line at a location 
corresponding to the output spacing and a resolution corre 
sponding to the output spacing, When it determines that, as 
shoWn in FIG. 3, a ?rst high-resolution pixel of a previous 
output area according to the output spacing is White, a next 
high-resolution pixel of the previous output area is black, a 
?rst high-resolution pixel of a current output area is black, 
and a next high-resolution pixel of a current output area is 
White. 
The output adjusting circuit, routine, or application 1240 

may create output data to de?ne an edge at a location corre 
sponding to the area betWeen output areas according to the 
output spacing, When it determines that, as shoWn in FIGS. 4 
and 5, either the second high-resolution pixel of a previous 
output area is White, both high resolution pixels of a current 
output area are black, andboth high resolutionpixels of a next 
output area are black, or both high resolution pixels of a 
previous output area are black, both high resolution pixels of 
a current output area are black, and the ?rst high-resolution 
pixel of a next output area is White. 
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The output adjusting circuit, routine, or application 1240 
may create output data to de?ne an edge at a location corre 
sponding to the area betWeen tWo high resolution pixels that 
are Within the same output area according to the output spac 
ing, When it determines that, as shoWn in FIGS. 7 and 8, either 
a ?rst high-resolution pixel of a previous output area is White, 
a second high-resolution pixel of a previous output area is 
black, and both high resolution pixels of a current output area 
are black, or both high resolution pixels of a current output 
area are black, a ?rst high-resolution pixel of a next output 
area is White, and a second high-resolution pixel of a next 
output area is black. 

Finally, the output adjusting circuit, routine, or application 
1240 Will create output data re?ecting an interior area When, 
as shoWn in FIG. 9, a ?rst and next high-resolution pixel of a 
previous output area are black, a ?rst and next high-resolution 
pixel of a current output area are black, and a ?rst and next 
high-resolution pixel of a next output area are black. 

The ?nal output data consists of an amount of each color to 
be deposited for the group of high-resolution pixels that make 
up each output area according to the output spacing. The 
amount could be, for example, a single unit for each color or 
multiple units per color depending on the details of the mark 
ing process. Again, it should be appreciated that, in various 
exemplary embodiments, the amount of marking material is 
measured as drops ejected from a print head. Rendering to 
drops may be done by methods Well knoW in art such as 
halftoning or error diffusion and preferably a method that 
considers all colors together such as vector halftoning or 
vector error diffusion. 

After the output adjusting circuit, routine, or application 
1240 has evaluated the input high-resolution data and created 
output data, the input high-resolution data and output data, 
under control of the controller 1220, are respectively returned 
to the input data portion 1231 and the output data portion 
1232 of the memory 1230. Then, under control of the con 
troller 1220, the output data is output to the input/output 
interface, across the link 1302, to the data sink 1310. Alter 
natively, the output data may be output, under control of the 
controller 1220, directly from the output adjusting circuit, 
routine, or application 1240 to the input/output interface, 
across the link 1302, to the data sink 1310. 

It should be appreciated that, depending on cost or other 
design constraints, one or more of the above-described ele 
ments of the system 1200 may be combined into a single 
element or divided into multiple elements Where appropriate. 

It should also be appreciated that the above-described sys 
tem may be incorporated into a marking engine such as a solid 
or liquid ink-jet printer, a facsimile machine, a digital copier, 
or any other noW-knoWn or later-developed device for mark 
ing an image using liquid or solid marking ink. 

Furthermore, it should be appreciated that even though, for 
the sake of simplicity, the above-described embodiments of 
the systems and methods according to this invention Were 
described using high-resolution data that is ?ner only in a 
direction parallel to the scan line, high-resolution data may be 
used that is ?ner in each direction. 

It should be appreciated that, for the sake of simplicity, the 
above-described embodiments have been described by using 
high-resolution data that is tWice as ?ne as the output area 
(i.e., tWo high-resolution pixels per output area). HoWever, 
the same principle may be applied to high-resolution data 
Wherein more high-resolution pixels exist Within an output 
area. In such a situation, the difference Would be a larger 
number of output values With varying amounts of marking 
material. For instance, a line that is tWo high-resolution pixels 
Wide Within a ?ve pixel Wide output area Would be approxi 
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10 
mated by a smaller amount of marking material than a line 
that is three high-resolution pixels Wide Within a ?ve pixel 
Wide output area. Similarly, a larger amount of marking mate 
rial Would be output on an output area to approximate an edge 
of a solid that is three high-resolution pixels Within an adja 
cent ?ve-pixel-Wide output area, than to approximate an edge 
of a solid that is only tWo high-resolution pixels Wide Within 
an adjacent ?ve-pixel-Wide output area. 

Still further, although the above-described embodiments 
create output data to approximate the high-resolution input 
data at a larger output spacing, many more adjustment values 
may be used. For instance, When it is determined that the 
current loW-resolution pixel is a comer pixel, a knoWn adjust 
ment value may be used. Similarly, When it is determined that 
the current loW-resolution pixel is part of a diagonal line, 
another knoWn adjustment value may be used. 

It should be appreciated that although, for ease of expla 
nation, the above-described embodiments of the systems and 
methods according to this invention have been described 
using pixel values of either black or White, various exemplary 
embodiments may consider various grey or non-neutral color 
values as Well. For instance, rather than determining Whether 
a pixel is black or White, it Would be determined Whether a 
pixel is lighter or darker than an adjacent pixel. Furthermore, 
the various adjustment values could be determined based on 
the difference betWeen tWo adjacent colors. When tWo solids 
of very different colors (i.e., one very dark and one very light) 
are adjacent to one another, the adjustment values Would be 
skeWed to provide a substantial amount of edge differentia 
tion (e. g., more ink for improved contrast and hi gh-resolution 
approximation). When tWo solids of closer shades of grey are 
adjacent to one another, the adjustment values Would be 
skeWed to provide less edge differentiation (e. g., less ink 
since less contrast and high-resolution approximation is nec 
essary). BeloW a certain threshold, difference betWeen the 
colors there Would be no enhancement. The enhancement in 
the simplest form Would be linearly scaled from the threshold 
to the maximum enhancement (When the colors are black and 
White), though other functional forms could also be used. 

It should also be appreciated that the resolutions of the 
different inks could be different. For example, ink jet systems 
often have higher resolution black capabilities than they do in 
the individual colors. Thus, the amount of color ink can be 
determined based on high-resolution data similar to the 
example above, While the black ink is actually printed accord 
ing to high-resolution data. 

It should also be appreciated that the exemplary embodi 
ments of the systems and methods according to this invention 
are not limited to creating data that Will be immediately 
output (e.g., that Will immediately be used to determine an 
amount of marking material to be output), but rather may be 
saved as values for later rendering. 

Finally, FIG. 12 is an enlarged vieW of text printed by a 
conventional four-color printing system. FIG. 13 is an 
enlarged vieW of the same text printed by a four-color printing 
system according to this invention. 

While this invention has been described in conjunction 
With the exemplary embodiments outlined above, various 
alternatives, modi?cations, variations, and/or improvements 
may be possible. Accordingly, the exemplary embodiments 
of the invention, as set forth above, are intended to be illus 
trative, not limiting. Various changes may be Without depart 
ing from the spirit and scope of the invention. 

What is claimed is: 
1. A method for reducing trade-off betWeen image quality 

and marking speed, comprising: 
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an image processing and output device that performs the 
steps of: 
evaluating high-resolution data at the pixel level; 
identifying locations of different types of output based 
on the high resolution data; 

automatically creating a unique output value for each 
corresponding marking output spacing based on the 
evaluation of the hi gh-resolution data at the pixel level 
for each corresponding marking output spacing and 
marking output spacings adjacent to the marking out 
put spacing for Which the output value is being cre 
ated, each marking output spacing being larger than a 
pixel evaluated during the evaluation of the high 
resolution data at the pixel level; 

choosing, for each created output value, an amount of 
marking material to be used so that a ?nal marking 
output provides transitions approximating the evalu 
ated high-resolution data at the pixel level, Wherein 

each created output value comprises a black value and at 
least one color value, the at least one color value to be 
output beneath the black value, 

for each created output value, choosing the amount of 
marking material comprises selecting an amount of 
color marking material for each at least one color 
value based on the type of media on Which the mark 
ing material Will be output; and 

outputting the amount of marking material chosen for 
each created output value to a medium, Wherein 

at least tWo different output values are created and asso 
ciated With marking output spacings, and Wherein 
choosing, for each created output value, the amount of 
marking material comprises selecting an amount of 
color marking material for each at least one color 
value based on the larger marking output spacing. 

2. The method of claim 1, Wherein choosing, for each 
created output value, the amount of marking material com 
prises selecting an amount of color marking material for each 
at least one color value based on a type of transition. 

3. The method of claim 2, Wherein the amount of marking 
material is measured in drops. 

4. The method of claim 3, Wherein selecting the amount of 
color marking material comprises selecting only one drop of 
each color per output area. 

5. The method of claim 3, Wherein selecting the amount of 
color marking material comprises selecting more than one 
drop of each color per output area. 

6. The method of claim 2, Wherein choosing, for each 
created output value, the amount of marking material is based 
at least in part on halftoning. 

7. The method of claim 6, Wherein the halftoning is based 
on a color vector-based algorithm. 

8. The method of claim 2, Wherein choosing, for each 
created output value, the amount of marking material is based 
at least in part on error diffusion. 

9. The method of claim 2, Wherein selecting the amount of 
color marking material comprises selecting an amount of 
color marking material for each at least one color value to give 
a substantially consistent total amount of color marking mate 
rial for at least a same type of transition. 

10. The method of claim 2, Wherein selecting the amount of 
color marking material comprises selecting an amount of 
color marking material for each at least one color value to give 
a substantially consistent total amount of color marking mate 
rial for a same type of transition across at least tWo adjacent 
output areas. 

11. The method of claim 1, Wherein the transitions com 
prise transitions that occur Within an output area de?ned by 
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12 
the larger marking output spacing and transitions that occur 
betWeen output areas de?ned by the larger marking output 
spacing. 

12. The method of claim 11, Wherein the amount of mark 
ing material chosen for an output value that de?nes a transi 
tion Within an adj acent output area is greater than the amount 
of marking material chosen for an output value that de?nes a 
transition betWeen output areas. 

13. The method of claim 1, Wherein the transitions com 
prise transitions betWeen a background and one- and tWo 
pixel-Wide lines according to the high-resolution data. 

14. The method of claim 1, Wherein identifying the loca 
tions of different types of output based on the high-resolution 
data comprises processing the image by scanlines. 

15. The method of claim 14, Wherein the evaluated high 
resolution data is tWice the resolution according to the larger 
marking output spacing. 

16. The method of claim 14, Wherein identifying the loca 
tions of different types of output based on the high-resolution 
data comprises evaluating, for each output value at least a 
portion of a previous scanline according to the high-resolu 
tion data. 

17. The method of claim 14, Wherein identifying the loca 
tions of different types of output based on the high-resolution 
data comprises evaluating, for each output value at least a 
portion of a next scanline according to the high-resolution 
data. 

18. The method of claim 17, Wherein the ?nal output tran 
sitions include transitions betWeen a background and a comer 
according to the high-resolution data. 

19. The method of claim 1, Wherein: 
identifying the locations of different types of output based 

on the high resolution data, comprises identifying types 
of objects to be printed; and 

creating an output value based on the evaluation of the 
high-resolution data comprises creating an output value 
only for certain types of objects. 

20. The method of claim 19, Wherein one of the certain 
types of objects is text. 

21. A system for reducing trade-offbetWeen image quality 
and image marking speed, comprising: 

an image processing and output device comprising: 
an image output adjusting circuit that causes the image 

processing and output device to: 
evaluate input high-resolution data for an image at the 

pixel level; 
identify locations of different types of output based on 

the high resolution data; 
automatically create a unique output value for each 

corresponding marking output spacing based on 
the evaluation of the high-resolution data at the 
pixel level for each corresponding marking output 
spacing and marking output spacings adjacent to 
the marking output spacing for Which the output 
value is being created, each marking output spacing 
being larger than a pixel evaluated during the evalu 
ation of the high-resolution data at the pixel level; 

choose, for each created output value, an amount of 
marking material to be used so that the ?nal mark 
ing output provides transitions approximating the 
input resolution, Wherein 

each created output value comprises a black value and 
at least one color value, the at least One color value 
to be output beneath the black value, 

for each created output value, choosing the amount of 
marking material comprises selecting an amount of 
color marking material thr each at least one color 
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value based on the type of media on Which the 
marking material Will be output; and 

output to a medium the amount of marking material 
chosen to be used, Wherein 

at least tWo different output values are created and asso 
ciated With marking output spacings, and Wherein 
choosing, for each created output value, the amount of 
marking material comprises selecting an amount of 
color marking material for each at least one color 
value based on the larger marking output spacing. 

22. An ink jet printer comprising: 
an image output adjusting circuit that causes the ink jet 

printer to: 
evaluate input high-resolution data for an image at the 

pixel level; 
identify locations of different types of output based on 

the high resolution data; 
automatically create a unique output value for each cor 

responding marking output spacing based on the 
evaluation of the hi gh-resolution data at the pixel level 
for the corresponding marking output spacing and the 
marking output spacings adjacent to the marking out 
put spacing for Which the output value is being cre 
ated, each marking output spacing being larger than a 
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pixel evaluated during the evaluation of the high 
resolution data at the pixel level; 

choose, for each output value, an amount of marking 
material to be used so that the ?nal output provides 
transitions approximating the input resolution, 
Wherein 

each created output value comprises a black, value and at 
least one color value, the at least one color value to be 
output beneath the black value, 

for each created output value, choosing the amount of 
marking material comprises selecting an amount of 
color marking material for each at least one color 
value based on the type of media on Which the mark 
ing material Will be output; and 

output to a medium the amount of marking material 
chosen to be used, Wherein 

at least tWo different output values are created and associ 
ated With output spacings, and Wherein choosing, for 
each created output value, the amount of marking mate 
rial comprises selecting an amount of color marking 
material for each at least one color value based on the 
larger marking output spacing. 

* * * * * 


